Ninety percent of hepatocarcinoma (HCC) develops in a chronically damaged liver.
As in many other cancers, complex interactions exist between hepatic tumor cells and the non-tumor stroma. The latter comprises non-malignant cells such as immune cells, endothelial cells and fibroblasts, components of the ECM, and soluble factors. 3 This dynamic system the distribution and composition of which vary in space and time is defined as the peritumoral microenvironment. This notion is of particular interest in the field of HCC as more than 90%
of liver cancers develop in chronically damaged tissue characterized by hepatocellular injury, inflammation and fibrosis and defining per se a pathological environment, supportive for the initiation and progression of HCC. 3, 4 However, the nature of the interactions between stromal components and the cancer cells that benefit cancer growth are still incompletely understood.
Tumor-associated macrophages are important components of the tumor microenvironment. 5, 6 They may be tissue-resident or bonemarrow-derived cells recruited from the bloodstream. Once located inside the tumor, macrophages undergo final differentiation depending on the environmental stimuli. 7 Two polarization states of macrophages are described, the classically activated (M1) and the alternatively activated (M2) phenotypes. M2-polarized macrophages are globally recognized as pro-tumor macrophages. [8] [9] [10] Although largely used, this dichotomous classification based on the expression of specific markers is likely too simplistic as it does not reflect cellular functions. As a consequence, both expression of markers and cellular functions have to be considered when describing tumor-associated macrophage (TAM).
One of the pro-tumor functions attributed to M2-polarized TAM is the production of MMP. MMP are able to degrade virtually all compounds of the ECM but also to activate other MMP and growth factors by proteolysis. 11 Besides their involvement in tissue remodeling, MMP are implicated in various physiological and pathological processes such as organ development and involution, inflammatory response, wound healing or cancer development and progression. 12, 13 Among other MMP, MMP-2, MMP-9 and MT1-MMP are frequently overexpressed in human tumors. 14 MMP-2 and MMP-9 are gelatinases that cleave several types of collagen whereas MT1-MMP contributes to the activation of pro-MMP-2. They are produced by a variety of cell types, including inflammatory cells, endothelial cells and fibroblasts. 12, 13 Several studies have described the expression and/or activity of MMP-2, -9 and MT1-MMP in human HCC and established a link with aggressive behavior of liver cancer. [15] [16] [17] [18] [19] [20] [21] The aim of the present study was to determine whether a chronically injured liver represents a favorable environment for liver tumor cell seeding and growth and to evaluate the potential roles of macrophage infiltration in the tumors.
| MATERIALS AND METHODS

| Mice and cell line
Seven-week-old male C57Bl/6 mice were purchased from Elevage Janvier (Le Genest-Saint-Isle, France). They were exposed to a 12-hour light/12-hour dark cycle, maintained at a constant temperature of 20-22°C and received food and water ad libitum. 
| In situ tumor model
Tumors were generated as previously described. 22 Briefly, and the liver to body weight ratio. F, Representative H&E-stained tumor and non-tumor tissue sections. Scale bar, 100 lm. **P < .01; ***P < .001
and by LW/BW. 24 A piece of each tumor as well as of the nontumor parenchyma was immediately immersed in 4% formalin for histological analysis and the rest was snap-frozen in liquid nitrogen and kept at À80°C until analysis. analyzed and compared with data of healthy mice killed at the same time (n = 6).
| Carbon tetrachloride-induced liver fibrosis
| Histology
Formalin-fixed and paraffin-embedded tissue was cut in 5-lm-thick sections. Each macroscopic tumor lesion was microscopically analyzed by H&E staining to confirm the tumor diagnosis.
Liver fibrosis quantification on non-tumor parenchyma (percentage of stained area in the section) was carried out on Sirius redstained tissue using Tissue IA software (Leica Biosystems, Dublin, Ireland) after digitalization with a SCN400 slide scanner (Leica Biosystems, Wetzlar, Germany).
Macrophages were identified by F4/80 immunostaining using a primary rat anti-mouse F4/80 monoclonal Ab 
| Transforming growth factor beta 1 determination
Free and total TGF-b1 were quantitated in tumor parenchyma by ELISA as previously described. 25, 26 Liver homogenates were 
| Protein preparation and gelatin zymography
Frozen liver tissue samples were homogenized in ice-cold lysis buffer
1 mmol/L PMSF, 0.1 mmol/L Na 3 VO 4 , 2 lg/mL aprotinin, 100 lg/ mL leupeptin). The homogenates were centrifuged at 10 000 g for 5 minutes at 4°C and the supernatant was stored at À80°C. Protein content was measured using BSA as reference.
Latent and active forms of MMP-2 and -9 were analyzed by gelatin-substrate zymography carried out as described previously. 27 Briefly, 15 lg protein samples were electrophoresed in an 8% polyacrylamide gel embedded with 500 lg/mL gelatin. After electrophoresis, gels were washed thrice in 2.5% Triton X-100 for 20 minutes. Then, the gels were incubated overnight at 37°C in 50 mmol/L Tris-HCl, pH 7.5, 5 mmol/L CaCl 2 , 0.02% NaN 3, 1% Triton X-100, 1 lmol/L ZnCl 2 , followed by Coomassie blue staining and destaining. MMP activities were quantified by gel densitometry. The activities were normalized according to those contained in a culture medium conditioned by human endometrial explants, used as standard in each gel. 28 
| Statistical analysis
Data are presented as mean AE standard deviation (SD) in bar graphs, and median, 25th and 75th percentiles, minimum, and maximum in box and whisker graphs. Statistical analysis was done using Fischer's exact test for comparison of tumor development frequencies, nonparametric Mann-Whitney U-test for simple comparison and 1-way or 2-way ANOVA for repeated measures followed by Bonferroni's post-hoc correction. Statistical significance was assumed for P-values <.05 (*P < .05; **P < .01; ***P < .001). GraphPad Prism software (San Diego, CA, USA) was used for graphs and statistics. IBM SPSS software (Armonk, NY, USA) was used for linear regression statistical analysis.
| RESULTS
| Chronic liver injury promotes HCC cell seeding and growth
We first asked the question as to whether chronic liver injury favors HCC cell seeding and growth. To induce a hepatic chronic injured state, we used the well-known CCl 4 -induced liver fibrosis model (Figure 1A ). Mice were injected with CCl 4 for 7 weeks. Animals killed 2 days after the last CCl 4 injection showed significant liver fibrosis compared to animals not injected with CCl 4 as evaluated by Sirius red quantification ( Figure 1B) . Moreover, Col I and alphaSma mRNA was significantly more expressed in CCl 4 -treated mice compared to the healthy animals, confirming the activation of fibrogenesis (Figure 1C) .
We compared tumor growth when Hepa 1-6 cells were injected in a healthy liver (HL group) and when HCC cells were injected in mice pretreated with CCl 4 for 7 weeks (CCl 4 7w group). In both groups, liver tumor was evaluated 2 weeks after neoplastic cell injection ( Figure 1A ). In the HL group, 53% of mice (8/ , and in the nontumor parenchyma at time of death (grey bars). *P < .05; **P < .01; ***P < .001. Carbon tetrachloride (CCl 4 ) 7w, mice pretreated with CCl 4 for 7 wk; HL, healthy liver group CCl 4 7w group, no difference was noticed between tumor tissues ( Figure 2F ). This may suggest that M-CSF in the injured liver may initiate tumor monocyte recruitment.
| Chronic liver injury promotes tumor infiltration by M2 polarized macrophages
Macrophages may be categorized based on their M1 or M2 polarization. 30 TAM usually have an M2-like phenotype, associated with pro-tumor functions. 7 We evaluated the M2 polarization state of the macrophages infiltrating the tumors by analyzing tumor gene expression of both M2 surface markers such as Fizz-1, Ym-1, SR, MR and Arg-1, and M2-produced cytokines and chemokines such as IL-6 and CCL17. 8 We also analyzed mRNA expression of IL-4 and TGF-b1), 
| Tumor-associated macrophages favor tumor growth through increased production of MMP
We evaluated the production of MMP-2, -9 and MT1-MMP known to be supported by M2, pro-tumor TAM. 12 
| DISCUSSION
Chronic liver injury recapitulates a pathological ground permissive to cancer. The cancero-pathogenic role of the pre-existing damaged environment is supported by clinical observations. High liver stiffness as measured by transient elastography and reflecting advanced liver fibrosis correlates with an increased risk of HCC. 33 The rate of late intrahepatic recurrence after resection is high, supporting an important role of the pre-existing injured tissue in carcinogenesis. 34 Moreover, gene expression profile of the non-cancerous surrounding tissue predicts HCC prognosis as well as early and late recurrence. [35] [36] [37] [38] In the present study, we showed that CCl 4 -induced chronic liver injury promotes HCC cell seeding and growth. This result is consistent with previous studies using thioacetamide as a chronic liver injury inducer. Indeed, Kornek and colleagues described higher tumor volume and satellite lesions count when HCC cells were implanted in the livers of mice previously injected with thioacetamide and fed with alcohol. 23 Similarly, the number of cancer nodules increased when neoplastic cells were injected in the spleen and migrated in the liver of mice pretreated with thioacetamide. 39 In these studies, pro-angiogenic 23 and immunosuppressive impacts 39 of chronic liver injury were incriminated to favor tumor spread. Compared to animal models where HCC grows in a healthy liver, such a type of neoplastic model permitting tumor development in a chronically injured liver resembling the human situation is expected to provide more clinically relevant data.
HCC is an inflammation-related cancer. 40 TAM represent the predominant type of leukocytes in liver cancer and influence each neoplastic stage. 29 In a probably simplistic view, tumor macrophage density, usually evaluated by immunohistochemistry, is associated with poor prognosis in human HCC. 29 The reality of TAM is undoubtedly more complex as mentioned by several studies suggesting that distinct populations may have different roles in tumorigenesis. 29 In the liver, macrophages form a heterogeneous population. though it is more and more admitted that the different functional patterns of macrophages exceeds the M1/M2 dichotomy. 6 In a subcutaneous injection model, blockade of the CCL2/CCR2 axis reduces monocyte recruitment (and consequentially tumor macrophage infiltration), and inhibits in residual tumor macrophages the switch towards a pro-tumor M2 phenotype, reducing tumor growth. 47 Interestingly, Kupffer cells are a major source of CCL2 and, therefore, may participate in the recruitment and education of monocytederived macrophages. 44 In human HCC, the association between monocyte-derived macrophages recruitment and a poor prognosis supports the leading role of recruited cells in HCC pathogenesis. 47, 48 In our work, we characterized macrophage behavior when HCC non-alcoholic steatohepatitis. 41 In the near future, it will be interesting to test such types of molecules in cancer liver. 
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